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NORTH AMERICAN ELECTRIC
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Electric Reliability Organization Mission

To ensure the reliability and security of the
North American bulk power system

e Develop and enforce reliability standards
e Assess current and future reliability

e Analyze system events and recommend
improved practices

e Encourage active participation by all
stakeholders

e Accountable to regulators in the United
States (FERC) and Canada (Canada Energy
Regulator and provincial governments)
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NERC

———— Space Weather Information Needs

RELIABILITY CORPORATION

Owners and operators have an ongoing need for Space Weather
Information. It is used to:

e Operate the bulk power system
e Plan the bulk power system

e Assess risks to system reliability and resilience
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GMD Risk to the Bulk Power System

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e Severe GMD Event can cause
= Voltage Collapse (Blackout)
= Damage to transmission system power transformers

March 13, 1989 Geomagnetic Disturbance

General Discussion (cont.)

Figure 9 - States and provinces affected by the March 13, 1989 peomagnetic disturbance are shaded. Areas of
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GMD Risk Reduction Efforts

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e Reducing risks to the BPS from £0P.010:1— Ganmagntc bsturbanc Oprations

A. Introduction

space weather continues to be R

2. Number: EOP-010-1

a n E R O p rl O r I ty 3. Purpose: To mitigate the effects of geomagnetic disturbance (GMD) events by

implementing Operating Plans, Processes, and Procedures.

4. Applicability:

e GMD risk mitigation activities

4.1.1 Reliability Coordinator
4.1.2  Transmission Operator with a Transmission Operator Area that includes a

1 I d . power transformer with a high side wye-grounded winding with terminal
I n C u e . voltage greater than
5. Background:

Geomagnetic disturbance (GMD I:!Eiw
reliable operation of interconnect| -
geomagnetically-induced currenty

. F B anctive Do =

' N A 2012 Special Reliability Assessment ~
" _':‘ Interim Report:
NORL R Effects of Geomagnetic

Disturbances on the Bulk
Power System

" Implementation of GMD Reliability
Standards

= Ongoing research with Electric
Power Research Institute (EPRI)
and other collaborators

February 2012

" Implementation of new data
collection program to advance
validation and research

Shlama te ERanaariBe
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GMD Task Force

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e NERC GMD Task Force collaborates with researchers, agencies
and utilities across North America
= EPRI
= North American Transmission Forum
= NOAA Space Weather Prediction Center (SWPC)
= NASA, Canadian Space Agency
= U.S. Geological Survey, Natural Resources Canada
= U.S. National Labs
* North American Electric Utilities and Transmission System Operators
= Equipment Manufacturers and Software Tool Developers
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ility Standards
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North America GMD Standards Milestones

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e May 2013 — NERC began
development of two GMD
standards

e April 2015 — GMD Operations
standard became effective

e January 2017 — GMD Vulnerability
Assessment standard became

effective
= Requirements implemented over a 5-
yea r pe riod MRO Midwest Reliability Organization
NPCC Northeast Power Coordinating Council
RF ReliabilityFirst
SERC SERC Reliability Corporation

Texas RE | Texas Reliability Entity

WECC Western Electricity Coordinating Council
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EOP-010: Operating Procedures

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e Requires grid operators to have
procedures for mitigating GMD
impacts

= |ncreased situational awareness

= System posturing
= Reconfiguration

* North American grid operators
receive alerts from SWPC and Space System Operator in Texas (Electric Reliability
Weather Canada Council of Texas)
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S ———— TPL-007: GMD Assessments

RELIABILITY CORPORATION

e Requires grid planners and asset owners to assess and mitigate
risks of voltage collapse and equipment damage from GMD

Use Benchmark studv volt r |dentify Corrective
nchm udy voltage collapse Action Needs
Geoelec(;crllcgll(e:ld —) an?] translfo.rrl?er —) .+ System Upgrades
to mode thermal risks * Operating Procedures
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System Voltage

Transformer Thermal Simulation
Assessment
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NORTH AMERICAN ELECTRIC
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e ———— Reliability Coordinator Notifications

RELIABILITY CORPORATION

® SWPC - NERC Hotline
provides connectivity
directly to the top-level
reliability coordinators

® Reliability Coordinator
Information System (RCIS)
is used for communicating

with the 250+ transmission e = e

[0 PIM Interconnec tion
[E2 Electric Reliability Council of Texas Il Reliability Coordinator West
O p e ra to rS a n d ge n e ra t i O n [ Florida Reliability Coordinating Council I Saskatchewan Power Corporation
Il Hydro-Quebec TransEnergie E Scuthern Company Services, Inc.
[ 1SO New England, Inc. I Southwest Power Pool
b a I a n Ci n g a u t h O rit i eS [ Midcontinent 1SO W BAs receive RC Services from SPP or TVA
I New Brunswick Power Corporation I Tennessee Valley Authority
[] New York Independent System Operator [l BAs recieve RC services from TVA or MISO

[ Ontario Independent Electricity System Operator S VACAR South
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e Situational Awareness Indicators

RELIABILITY CORPORATION

Triggers for initiating operator actions

e Space Weather Information
= SWPC Alerts, Warnings, and information
= Space Weather Canada information

e Electric System Operator
Information

GIC monitors

|
s 1

=V TN A

System voltage and reactive power

System harmonic levels

Transformer diagnostics (internal
component temperature and gas
analysis)

Power Transformer with Installed GIC Monitor and
Internal Temperature Sensors
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Operating Actions: Three Day Horizon

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e Operators increase situational
awareness and prepare for power
system contingencies

= Notify field personnel of potential for on-
site monitoring

= Assess restoration (blackstart)
contingency preparations

e System posturing for resilience

= Return equipment to service

= Delay scheduled maintenance outages

= Modify protective relay settings if needed
for expected GIC harmonic levels
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e Operating Actions: Event Day Horizon

RELIABILITY CORPORATION

e Operator monitoring
= Space weather information from SWPC

SPACE WEATHER CONDITMNS o rocus 2 &

o EEe S
= Electric system conditions (voltage, ELECTIC POWER COMMUNITY DRSHBOARD

reactive resources)

= Critical equipment conditions (transformer ||; |
heating, noise, and vibration) Ty |H| -]

HAAN NENANNNNNANNN 8

= Contingency analysis tools for maintaining [ e -
system stability

e System posturing
= Start off-line generation and reactive resources

= |ssue conservative operations notices to transmission and generation
operators

= Limit electricity supply transfers out of constrained areas and coordinate
with neighboring system operators
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NORTH AMERICAN ELECTRIC ReaI_Time ACtionS

RELIABILITY CORPORATION

e System operators adhere to established limits for voltage
stability and equipment ratings
e Operating actions to maintain limits include
= Dispatching generation
" Load shedding schemes
= Transmission system reconfiguration

e Manual operation of transformer cooling fans may increase
thermal margin

e Maintain GMD operating procedures until four hours after
storm conditions subside
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SWPC near real-time
geoelectric field mapping
initiative will provide grid
operators with improved
situational awareness

= USGS, NASA contributors

Completion of Continental
U.S. magnetotelluric survey
will inform GMD vulnerability
assessments and operations
planning

Enhancements to Operating
Mitigations

i
Map Creation Thre: 2019-10-02721:51:53.08201C

SWPC Prototype Geoelectric Field Map
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NERC

—— NERC GMD Research Plan Objectives

Improved Earth
Conductivity

. . Geoelectric
Models ® Two-year research project with Field Evaluation
| EPRI is concluding in 2020

® Further advance GIC modeling

and system impact assessment
Improved

Harmonic ® Includes earth-space modeling Lt Sealing
AAEWATES

1 H H Factor
Capability contributions from national T
/ labs and NASA

Harmonic

Transformer
Impacts
1 Ty mmpmag e

Thermal
5 Impacts

Spatial
Averaging

a= Geomagnetic Latitude
Scaling Factors

B= Conductivity Scaling Factor
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NORTH AMERICAN ELECTRIC GOing Forward

RELIABILITY CORPORATION

e Electricity is vital to society — high
Impact / low Frequency events like
severe GMD require special attention

e Reducing risk can be achieved through
a mix of operating mitigations and
system enhancements

e Science and engineering are rapidly
evolving through space weather
research, data collection, and grid
analysis tool development
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Mark Olson, Manager, Reliability Assessments
contact: mark.olson@nerc.net
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